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(54) Fuel cell power supply device 

(57) A power supply management control unit 14 
has a requested-amount-of-generated-electric-energy 
calculator 51 for calculating a requested amount of elec- 
tric energy (lfc_CAL) generated by a fuel cell stack 2 
depending on a requested electric energy of an electric 
motor and an electric load other than the electric motor, 
an actual-amount-of-generated-electric-energy calcu- 
lator 52 for calculating an actual amount of electric en- 
ergy (tfc_s) generated by the fuel cell stack 2 based on 
a current (Ifc) detected by a fuel cell sensor 30, and a 
target selector 53 for comparing the requested amount 



of electric energy (lfc_CAL) and the actual amount of 
electric energy (lfc_sj with each other, regarding the re- 
quested amount of electric energy (lfc_CAL) as a target 
amount of generated electric energy (lfc_REQ) for a fuel 
cell control unit 16 if the requested amount of electric 
energy (lfc_CAL) is equal to or greater than the actual 
amount of electric energy (lfc_s), and regarding the ac- 
tual amount of electric energy (lfc_s) as target amount 
of generated electric energy (lfc_REQ) for the fuel cell 
control unit 16 it the actual amount of electric energy 
(lfc_s) greater than the requested amount of electric en- 
ergy (lfc_CAL). 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: s 

[0001 ] The present invention relates to a fuel cell pow- 
er supply device for controlling the amount of reactive 
gases supplied to a fuel cell depending on the electric 
energy requested by a load on the fuel cell. 10 

Description of the Related Art: 

[0002] There have heretofore been employed fuel cell 
power supply devices which use fuel cells as a power 15 
supply device for vehicles such as electric vehicles. The 
amount of electric energy generated by a fuel cell varies 
depending on the amount of reactive gases consumed 
thereby, i.e., a reducing gas such as hydrogen or the 
like and an oxidizing gas such as air or the like for ex- 20 
tracting electrons by reacting with the reducing gas. 
Therefore, if the supplied amount of the reactive gases 
is larger than the consumed amount of the reactive gas- 
es which is required to produce an amount of electric 
energy depending on the amount of electric energy re- 25 
quested by a load such as an electric motor or the like 
on the fuel cell, then a certain amount of the reactive 
gases is wasted. 

[0003] If the actually supplied amount of the reactive 
gases is smaller than the consumed amount of the re- 30 
active gases which is required to produce an amount of 
electric energy depending on the requested amount of 
electric energy, then the fuel cell runs short of the reac- 
tive gases, and the electrolytic membrane of the fuel cell 
is deteriorated, resulting in a reduction in the perform- 3s 
ance of the fuel cell. 

[0004] One conventionalfuel cell power supply device 
incorporates a control arrangement shown in FIG. 3 of 
the accompanying drawings for determining a target 
amount of generated electric energy ( If c_CM D) f or af uel 40 
cell on a vehicle. When electric energy starts being sup- 
plied from the fuel cell to an electric motor, a requested- 
amount-of-electric-energy calculator 100 determines a 
requested amount of generated electric energy 
(lfc_CAL) required by the fuel cell depending on the 43 
amount of depression (Ap) of the accelerator pedal, the 
vehicle speed (Nm) of the vehicle, and the consumed 
amount of electric energy (Pload) used by electric ac- 
cessories other than the electric motor. 
[0005] While electric energy is being supplied to the so 
electric motor, an actual amount of electric energy (Ifcj 
generated by the fuel cell is detected, and a subtractor 
101 calculates the difference between the actual 
amount of generated electric energy (Ifc) and the re- 
quested amount of generated electric energy (lfc_CAL). 55 
The calculated difference is processed according to a 
PID control process by a PID controller 102, which pro- 
duces a corrective quantity (lfc_AMD). An adder 103 



adds the corrective quantity (lfc_AMD) to the requested 
amount of generated electric energy (lfc_CAL), thus cal- 
culating a target amount of generated electric energy 
(lfc_CMD). The supply of reactive gases to the fuel gas 
is controlled such that the reactive gases are supplied 
to the fuel cell in an amount depending on the target 
amount of generated electric energy (lfc_CMD). 
[0006] By thus correcting the requested amount of 
generated electric energy (lfc_CAL) depending on the 
difference between the actual amount of generated 
electric energy (Ifc) and the requested amount of gen- 
erated electric energy (lfc_CAL) to calculate the target 
amount of generated electric energy (lfc_CMD), the ef- 
fect of variations of the electric energy consumed by the 
electric motor and the electric accessories is sup- 
pressed to stabilize the target amount of generated elec- 
tric energy (lfc_CMD). 

[0007] The control arrangement shown in FIG. 3 for 
calculating the target amount of generated electric en- 
ergy (lfc_CMD) and controlling the amount of the reac- 
tive gases supplied to the fuel cell in an amount depend- 
ing on the target amount of generated electric energy 
(lfc_CMD) suffers the following problems: When the 
load on the fuel cell increases abruptly, the PID control- 
ler 1 02 and the adder 1 03 perform a corrective action to 
prevent the target amount of generated electric energy 
(lfc_CMD) from increasing. As a result, the transient re- 
sponse of the fuel cell is lowered, causing the fuel cell 
to suffer a lack of the reactive gases. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to pro- 
vide a fuel cell power supply device which prevents a 
fuel cell from running short of reactive gases when the 
amount of reactive gases supplied to the fuel cell is con- 
trolled depending on a requested electric energy of a 
load on the fuel cell. 

[0009] According to the present invention, there is 
provided a fuel celt power supply device comprising a 
fuel cell, reactive gas supply means for supplying reac- 
tive gases to the fuel cell, supplied-amount regulating 
means for regulating an amount of reactive gases sup- 
plied from the reactive gas supply means to the fuel cell, 
target-amount-of-generated-electric-energy determin- 
ing means for determining a target amount of electric 
energy generated by the fuel cell depending on a re- 
quested electric energy of a load which is connected to 
the fuel cell, and gas supply control means for perform- 
ing a gas supply control process to enable the supplied- 
amount regulating means to regulate the amount of re- 
active gases supplied from the reactive gas supply 
means to the fuel cell in order to supply an amount of 
reactive gases greater than the amount of reactive gas- 
es depending on the target amount of electric energy 
[0010] The fuel cell power supply device includes ac- 
tual-amount-of-electric-energy detecting means for de- 
tecting an actual amount of electric energy generated 
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by the fuel cell, and the gas supply control means com- 
prises means for comparing the target amount of electric 
energy and the actual amount of electric energy with 
each other, and performing the gas supply control proc- 
ess using the actual amount of electric energy as the 
target amount of electric energy if actual amount of elec- 
tric energy is greater than the target amount of electric 
energy. 

[0011] With the above arrangement, the gas supply 
control means basically performs the gas supply control 
process to supply the target amount of reactive gases 
set depending on the target amount of generated elec- 
tric energy determined by the target-amount-of-gener- 
ated-electric-energy determining means, thus prevent- 
ing the reactive gases from being supplied excessively 
or insufficiently. 

[0012] When the load increases quickly, the request- 
ed eiectric energy changes due to the increased load, 
and the actual amount of electric energy generated by 
the fuel cell may become greater than the target amount 
of generated electric energy due to a time lag until the 
target amount of generated electric energy is changed 
by the target-amount-of-generated-electric-energy de- 
termining means depending on the change in the re- 
quested electric energy. 

[0013] The gas supply control means compares the 
target amount of electric energy determined by the tar- 
get-amount-of-generated-e^ectric-energy determining 
means and the actual amount of electric energy with 
each other while the gas supply control process is being 
carried out, and performs the gas supply control process 
using the actual amount of electric energy as the target 
amount of electric energy if actual amount of electric en- 
ergy is greater than the target amount of electric energy. 
The amount of reactive gases supplied to the fuel cell is 
thus quickly increased, preventing the fuel cell from run- 
ning short of reactive gases. 

[0014] The fuel cell power supply device also has 
electric storage means connected parallel to the fuel 
cell, for being charged with an output current from the 
fuel cell and discharged when the amount of electric en- 
ergy generated by the fuel cell is smaller than the re- 
quested electric energy. 

[0015] If the load is reduced and the requested elec- 
tric energy thereof is also reduced, then the target 
amount of electric energy determined by the target- 
amount-of-generated-electric-energy determining 
means is reduced, thus reducing the reactive gases 
supplied to the fuel cell according to the gas supply con- 
trol process. 

[0016] When the amount of electric energy generated 
by the fuel cell is reduced, the output voltage of the fuel 
cell is increased. However, since the electric storage 
means is connected parallel to the fuel cell, in order to 
increase the output voltage of the fuel cell, it is neces- 
sary to supply a charging current from the fuel cell to the 
electric storage means to charge the electric storage 
means for thereby increasing the output voltage of the 



fuel cell. While the target amount of generated electric 
energy is being reduced, therefore, it is necessary to 
supply electric energy to the electric storage means as 
well as the load. If the target amount of generated elec- 

5 trie energy is determined depending on the requested 
electric energy of the load, the amount of reactive gases 
supplied to the fuel cell may tend to suffer a shortage 
commensurate with the charging current supplied to the 
electric storage means. 

10 [0017] According to the present invention therefore, 
when the actual amount of generated electric energy 
which contains the amount of current used to charge the 
electric storage means becomes greater than the target 
amount of generated electric energy, the gas supply 

is control process is performed using the actual amount of 
generated electric energy as the target amount of gen- 
erated electric energy, so that the gas supply control 
means can prevent the fuel cell from running short of 
reactive gases. 

20 [0018] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate a pre- 
ferred embodiment of the present invention by way of 

25 example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0019] 

FIG. 1 is a block diagram of a fuel cell power supply 

device according to the present invention; 

FIG. 2 is a detailed block diagram of a controller of 

the fuel cell power supply device shown in FIG. 1 ; 

and 

FIG. 3 is a block diagram of a control arrangement 
of a conventional fuel cell power supply device. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 



[0020] A fuel cell power supply device according to 
the present invention will be described below with refer- 
ence to FIGS. 1 and 2. 

[0021] As shown in FIG. 1, a fuel cell power supply 
45 device 1 according to the present invention is mounted 
on a vehicle and functions as a propulsive power supply 
for the vehicle. The fuel cell power supply device 1 is a 
hybrid fuel cell power supply device comprising a fuel 
cell stack 2 for outputting an electric current based on 
so an electrochemical reaction between reactive gases of 
hydrogen and air, and an electric double layer capacitor 
3 (corresponding to an electric storage means accord- 
ing to the present invention, hereinafter referred to as 
"capacitor 3") connected parallel to the fuel cell stack 2. 
55 The output electric energy produced by the fuel cell pow- 
er supply device 1 is controlled by a controller 4 which 
comprises a microcomputer, a memory, and other com- 
ponents. The controller 4 has as its functions a driver 
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control unit 9 ; a power supply management control unit 
14, and a fuel cell control unit 16. 
[0022] The output electric energy produced by the fuel 
cell power supply device 1 is supplied to a motor driver 
5, an air-conditioning unit 6, and a 12-V vehicle-mount- 
ed load 8 through a DC/DC converter. The motor driver 
5 control currents flowing through the armatures of an 
electric motor 1 0 depending on a torque command value 
(TRQ_CMD) outputted from the driver control unit 9 of 
the controller 4. The drive power generated by the elec^ 
trie motor 1 0 is transferred to drive wheels 1 2 through a 
transmission 11. 

[0023] The driver control unit 9 outputs a signal indic- 
ative of a motor-requested electric energy (PD_REQ) 
which is required by the motor driver 5 based on the 
amount of depression (Ap) of an accelerator pedal 13 
and the rotational speed (Nm) of the electric motor 10, 
to the power supply management control unit 14 of the 
controller 4. 

[0024] The power supply management control unit 1 4 
is supplied with detected signals of a load current 
(IJoad) and a load voltage (VJoad) which are detected 
by a load sensor 15 in order to recognize the electric 
energy consumed by electric accessories other than the 
electric motor 10. 

[0025] The power supply management control unit 1 4 
takes into account an allowable output current (lfc_LMT) 
outputted from the fuel cell control unit 1 6 and indicative 
of an upper limit for the current that can be supplied from 
the fuel cell stack 2 and various states (an output voltage 
and a temperature) of capacitor cells (not shown) of the 
capacitor 3, determines a target amount of generated 
electric energy (lfc_CMD) which is a target value for a 
current outputted from the fuel cell stack 2 depending 
on the sum of the motor-requested electric energy 
(PD_REQ) and the electric energy consumed by the 
electric accessories other than the electric motor 10, 
and outputs a signal indicative of the target amount of 
generated electric energy (lfc_CMD) to the fuel cell con- 
trol unit 16. The power supply management control unit 
1 4 also outputs a signal indicative of an output limit elec- 
tric energy (PLD) representing an upper limit for the 
electric energy that can be supplied from the fuel cell 
stack 2, to the driver control unit 9. 
[0026] The fuel cell control unit 1 6 is supplied with de- 
tected signals outputted from a reactive gas sensor 20 
and indicating a pressure (Pgas), a flow rate (Qgas), and 
a temperature (Tgas) of reactive gases (hydrogen and 
air) supplied to the fuel cell stack 2, and detected signals 
indicative of states (VcelUndiv) of individual fuel cells 
that make up the fuel cell stack 2. The fuel cell control 
unit 16 determines the allowable output current 
(lfc_LMT) in view of the state of the fuel cell stack 2 as 
recognized from these detected signals. 
[0027] The driver control unit 9 outputs a signal indic- 
ative of a torque command (TRQ_CMD) to the motor 
driver 5 so as not to exceed the output limit electric en- 
ergy (PLD) indicated by the power supply management 



control unit 1 4. The motor drivers controls the armature 
currents of the electric motor 10 to cause the electric 
motor 10 to generate a torque depending on the torque 
command (TRQ_CMD). 
s [0028] The fuel cell control unit 16 outputs a signal 
indicative of a target amount of reactive gases 
(CMP_CMD) supplied to the fuel cell stack 2 to a reac- 
tive gas supply device 21 (corresponding to a reactive 
gas supply means according to the present invention) 
io so that the fuel cell stack 2 will output a current for the 
target amount of generated electric energy (lfc_CMD). 
Based on the target amount of reactive gases 
(CMP_CMD), the reactive gas supply device 21 sup- 
plies air and hydrogen at a rate depending on the target 

is amount of generated electric energy (lfc_CMD). 

[0029] The reactive gas supply device 21 has a mech- 
anism (not shown) for regulating the rate at which the 
reactive gases are supplied. This regulating mechanism 
corresponds to a supplied-amount regulating means ac- 

20 cording to the present invention. 

[0030] Hydrogen supplied from the reactive gas sup- 
ply device 21 is supplied to hydrogen electrodes of the 
fuel cell stack 2 through an ejector (not shown) and a 
humidifier (not shown), and reacts electrically and 

25 chemically with oxygen in air supplied to air electrodes 
of the fuel cell stack 2, producing water which is dis- 
charged through a discharge valve 22. The opening of 
the discharge valve 22 is controlled by a control signal 
(VLV_CMD) supplied from the fuel cell control unit 1 6 in 

30 order to keep the pressure in the fuel cell stack 2 at a 
constant gradient depending on the pressures of the 
supplied air and hydrogen. 

[0031] The fuel cell stack 2 has a water-cooled cooling 
unit (not shown). The fuel cell control unit 16 controls 

35 the rate and temperature of cooling water supplied to 
the water-cooled cooling unit depending on the temper- 
ature of the cooling water supplied to the water-cooled 
cooling unit and the temperature of the cooling water 
discharged from the water-cooled cooling unit. 

40 [0032] The fuel cell power supply device 1 also has a 
fuel cell sensor 30 (including the function of an actual- 
amount-of-electric-energy detecting means according 
to the present invention) for detecting an output current 
(Ifc) and an output voltage (Vfc) from the fuel cell stack 

*5 2, and a capacitor sensor 31 for detecting a current 
(leap) charged into and discharged from the capacitor 
3 and a voltage (Vcap) across the capacitor 3. Detected 
signals from the fuel cell sensor 30 and the capacitor 
sensor 31 are supplied to the power supply manage- 

so ment control unit 14. 

[0033] Details of operation of the power supply man- 
agement control unit 14, the fuel cell control unit 16, and 
the driver control unit 9 will be described below with ref- 
erence to FIG. 2. 

55 [0034] The driver control unit 9 has a requested elec- 
tric energy calculator 50 which calculates a motor-re- 
quested electric energy (PD_REQ) based on the 
amount of depression (Ap) of the accelerator pedal 13 
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(see FIG. 1) and the rotational speed (Nm) of. the elec- 
tric motor 10 (see FIG. 1) which is outputted from the 
motor driver 5, and outputs a signal indicative of the cal- 
culated motor-requested electric energy (PD_REQ) to 
the power supply management control unit 14. 5 
[0035] The power supply management control unit 1 4 
has a requested-amount-of-generated-electric-energy 
calculator 51 (corresponding to a target-amount-of-gen- 
erated-electric-energy determining means according to 
the present invention) which recognizes an electric en- 10 
ergy consumed by the electric accessories other than 
the electric motor 10 from the detected signals of the 
load current (IJoad) and the load voltage (VJoad) 
which are detected by the load sensor 1 5, and adds the 
recognized electric energy and the motor- requested *5 
electric energy (PD_REQ) to each other, thus calculat- 
ing a total electric energy required to energize the elec- 
tric motor 1 0 and the electric accessories. The request- 
ed-amount-of-generated-electric-energy calculator 51 
applies the total electric energy to electric energy/cur- 20 
rent conversion map data, stored in a memory, repre- 
sentative of the correlation between the output electric 
power and output current of the fuel cell stack 2, and 
converts the total electric energy into a current, as the 
requested amount of generated electric energy 
(lfc_CAL) (corresponding to a target amount of gener- 
ated electric energy according to the present invention), 
which is a total amount of current required to energize 
the electric motor 10 and the electric accessories. 
[0036] The power supply management control unit 1 4 
also has an actual-amount-of-generated-electric-ener- 
gy calculator 52 which calculates an actual amount of 
generated electric energy (lfc_s) which is an amount of 
current actually outputted from the fuel cell stack 2, 
based on the output current (Ifc) of the fuel cell stack 2 
(see FIG. 1) which is detected by the fuel cell sensor 30. 
[0037] The power supply management control unit 1 4 
also has a target selector 53 which compares the re- 
quested amount of generated electric energy (lfc_CAL) 
and the actual amount of generated electric energy 
(lfc_s) with each other, if the requested amount of gen- 
erated electric energy (lfc_CAL) is equal to or greater 
than the actual amount of generated electric energy 
(lfc_s), then the target selector 53 regards the requested 
amount of generated electric energy (lfc_CAL) as the 
target amount of generated electric energy (lfc_CMD) 
for the fuel cell stack 2, and outputs a signal indicative 
of the target amount of generated electric energy 
(lfc_CMD) to the fuel cell control unit 1 6. 
[0038] The fuel cell control unit 16 has a target- 
amount-of-supplied-gases calculator 54 which applies 
the target amount of generated electric energy 
(lfc_CMD) to generated-amount/consumed-amount 
map data, stored in a memory, representing the corre- 
lation between the amount of electric energy (amount of 
current) generated by the fuel cell stack 2 and the 
amount of reactive gases consumed by the fuel cell 
stack 2, and calculates an amount of reactive gases 



consumed by the fuel celt stack 2 which is required to 
achieve the target amount of generated electric energy 
(lfc_CMD). 

[0039] In order to prevent the fuel cell stack 2 from 
suffering a shortage of the reactive gases due to a cal- 
culation error of the target amount of generated electric 
energy (lfc_CMD) and a response delay of the reactive 
gas supply device 21 , the target-amount-of-supplied- 
gases calculator 54 determines a target amount of re- 
active gases (CMP_CMD) with a margin given to the 
amount of reactive gases consumed by the fuel cell 
stack 2 when the target amount of generated electric 
energy (lfc_CMD) is obtained, depending on the target 
amount of generated electric energy (lfc_CMD), and 
outputs a signal indicative of the determined target 
amount of reactive gases (CMP_CMD) to the reactive 
gas supply device 21 . In this manner, a gas supply con- 
trol process is performed to control the operation of the 
reactive gas supply device 21 in order to supply the re- 
active gases in the target amount of reactive gases 
(CMP_CMD) to the fuel cell stack 2. 
[0040] The target-amount-of-supplied-gases calcula- . 
tor 54 and the target selector 53 jointly make up a gas 
supply control means according to the present inven- 
tion. 

[0041] The fuel cell control unit 16 also has an allow- 
able output value calculator 55 which calculates an al- 
lowable output current (lfc_LMT) and outputs a signal 
indicative of the calculated allowable output current 
(lfc_LMT) to the power supply management control unit 
14. The power supply management control unit 14 has 
a motor-drive-electric-energy-limit calculator 56 which 
determines an output limit electric energy (PLD) such 
that the amount of electric energy generated by the fuel 
cell stack 2 does not exceed the allowable outputcurrent 
(lfc_LMT), and outputs a signal indicative of the output 
limit electric energy (PLD) to the driver control unit 9. 
[0042] The driver control unit 9 has a motor-drive- 
electric-energy calculator 57 which compares the mo- 
tor-requested electric energy (PD_REQ) calculated by 
the requested electric energy calculator 50 and the out- 
put limit electric energy (PLD) with each other, and de- 
termines a torque command value (TRQ_CMD) output- 
ted to the motor driver 5 such that the electric energy 
consumed by the electric motor 1 0 does not exceed the 
output limit electric energy (PLD). 
[0043] As described above, the requested amount of 
generated electric energy (lfc_CAL) calculated by the 
requested-amount-of-generated-electric-energy calcu- 
lator 51 is directly used as the target amount of gener- 
ated electric energy (lfc_CMD) for the fuel cell stack 2, 
and the signal indicative of the target amount of gener- 
ated electric energy (lfc_CMD) is outputted to the fuel 
cell control unit 16 to perform the gas supply control 
process to determine a torque command value 
(TRCLCMD) to be outputted from the drive control unit 
9 to the motor driver 5 such that the electric energy con- 
sumed by the electric motor 10 does not exceed the out- 
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put limit electric energy (PLD). 

[0044] Consequently, the actual amount of electric 
energy generated by the fuel cell stack 2 is usually kept 
equal to or smaller than the requested amount of gen- 
erated electric energy (lfc_CAL) calculated by the re- 
quested-amount-of-generated-eiectric-energy calcula- 
tor 51 according to the gas supply control process. How- 
ever, the electric energy consumed by the electric ac- 
cessories, such as the air-conditioning unit 6 (see FIG. 
1), other than the electric motor 10 is not managed by 
the power supply management control unit 14. When 
the electric energy consumed by the electric accesso- 
ries change, the detected values of the load voltage 
(Vload) and the load current (lload) change, requiring a 
certain time to be taken until the requested amount of 
generated electric energy (lfc_CAL) calculated by the 
requested-amount-of-generated-electric-energy calcu* 
lator 51 is changed. 

[0045] Therefore, a certain time lag occurs until the 
change in the electric energy consumed by the electric 
accessories is reflected in the requested amount of gen- 
erated electric energy (lfc_CAL) and the target amount 
of reactive gases (CMP_CMD) outputted from the fuel 
cell control unit 16 is changed. 

[0046] If the change in the electric energy consumed 
by the electric accessories is large in excess of the mar- 
gin of the target amount of reactive gases (CMP_CMD), 
then the fuel cell stack 2 runs short of reactive gases 
during the above time lag. When the fuel cell stack 2 
suffers a shortage of reactive gases, the electrolytic 
membrane of the fuel cell stack 2 is deteriorated, result- 
ing in a reduction in the performance of the fuel cell stack 
2. 

[0047] When the electric energy consumed by the 
electric motor 1 0 is lowered, the motor-requested elec- 
tric energy (PD_REQ) is reduced. When the electric en- 
ergy consumed by the electric accessories is lowered, 
the load voltage (Vload) and the load current (lload) are 
reduced. Therefore, the requested amount of generated 
electric energy (lfc_CAL) calculated by the requested- 
amount-of-generated-electric-energy calculator 51 is 
reduced. However, since the output voltage of the fuel 
cell stack 2 becomes higher as the amount of electric 
energy generated thereby (the output current thereof) is 
reduced. In order to reduce the amount of electric ener- 
gy generated by the fuel cell stack 2, it is necessary to 
charge the capacitor 3 connected parallel to the fuel cell 
stack 2 to increase the output voltage of the capacitor 3. 
[0048] When the amount of electric energy consumed 
by the electric motor 1 0 and the electric accessories is 
reduced, if the requested amount of generated electric 
energy (lfc_CAL) calculated by the requested-amount- 
of-generated-electric-energy calculator 51 were used 
directly as the target amount of generated electric ener- 
gy (lfc_CMD) for the fuel cell control unit 16, then the 
current charged into the capacitor 3 would suffer a short- 
age. Therefore, when the total amount of electric energy 
consumed by the electric motor 1 0 and the electric ac- 



cessories is greatly reduced, and the current charged 
into the capacitor 3 exceeds an amount of generated 
electric energy depending on the margin of the target 
amount of reactive gases (CMPJDMD), the fuel cell 

5 stack 2 runs short of reactive gases. 

[0049] While the gas supply control process is being 
performed, the target selector 53 compares the request- 
ed amount of generated electric energy (lfc_CAL) and 
the actual amount of generated electric energy (lfc_s) 

10 with each other. If the requested amount of generated 
electric energy (lfc_CAL) is equal to or greater than the 
actual amount of generated electric energy (lfc_s) 
(lfc_CAL > lfc_s), then the target selector 53 regards the 
requested amount of generated electric energy 

is (|fc_CAL) as the target amount of generated electric en- 
ergy (lfc_CMD) for the fuel cell control unit 1 6 (lfc_CMD 
= Jfc_s). If the actual amount of generated electric en- 
ergy (lfc_s) is greater than the requested amount of gen- 
erated electric energy (lfc_CAL) (lfc_CAL < lfc_s), then 

20 the target selector 53 regards the actual amount of gen- 
erated electric energy (lfc_s) as the target amount of 
generated electric energy (lfc_CMD) for the fuel cell 
control unit 16. 

[0050] Therefore, when the electric energy consumed 

25 by the electric accessories increases quickly, or the ca- 
pacitors is charged and the actual amount of generated 
electric energy (lfc_s) becomes greater than the re- 
quested amount of generated electric energy (lfc_CAL) 
calculated by the requested-amount-of-generated-eiec- 

30 trie-energy calculator 51 , and the fuel cell stack 2 tends 
to run short of reactive gases if the requested amount 
of generated electric energy (lfc_CAL) is used directly 
as the target amount of generated electric energy 
(lfc_CMD) for the fuel cell control unit 1 6, the target se- 

35 lector 53 regards the actual amount of generated elec- 
tric energy (lfc_s) as the target amount of generated 
electric energy (lfc_CMD) for the fuel cell control unit 16. 
[0051] As a result, in order to perform the gas supply 
control process based on the actual amount of generat- 

40 ed electric energy (lfc_s), the target-amount-of-sup- 
plied-gases calculator 54 determines the target amount 
of reactive gases (CMP_CMD) to given a margin to the 
consumed amount of air depending on the actual 
amount of generated electric energy (lfc_s). Therefore, 

45 the amount of reactive gases supplied from the reactive 
gas supply device 21 to the fuel cell stack 2 is prevented 
from suffering a shortage, thus protecting the fuel cell 
stack 2 from a lack of the reactive gases. 
[0052] In the illustrated embodiment, the output cur- 

50 rent of the fuel cell stack 2 is used as the amount of 
generated electric energy. However, the output electric 
energy of the fuel cell stack. 2 may be used as the 
amount of generated electric energy. In such a modifi- 
cation, the requested-amount-of-generated-electric-en- 

55 ergy calculator 51 is not required to convert the electric 
energy into a current. Instead, an electric energy which 
is the sum of the motor-requested electric energy 
(PD_REQ) and the consumed electric energy of the 
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electric accessories which is calculated from the load 
current (IJoad) and the load voltage (VJoad) which are 
detected by the load sensor 15 may be used as a re- 
quested amount of generated electric energy, and an 
electric energy which is calculated by multiplying the 5 
output current (Ifc) from the fuel cell sensor 30 by the 
output voltage (Vfc) from the fuel cell sensor 30 may be 
used as an actual amount of generated electric energy, 
and these requested and actual amounts of generated 
electric energy may be compared with each other. 1 o 

[0053] The fuel cell control unit 1 6 may convert a tar- 
get amount of generated electric energy into an output 
current of the fuel cell stack 2 for thereby determining a 
target amount of reactive gases (CMP_CMD). 
[0054] In the illustrated embodiment, the electric dou- *5 
ble layer capacitor is used as the electric storage 
means. However, the principles of the present invention 
are also applicable to capacitors and batteries of other 
types. 

[0055] The advantages of the present invention are so 
effective even if the electric storage means is not con- 
nected parallel to the fuel cell stack 2. 
[0056] Although a certain preferred embodiment of 
the present invention has been shown and described in 
detail, it should be understood that various changes and 25 
modifications may be made therein without departing 
from the scope of the appended claims. 
[0057] A power supply management control unit 14 
has a requested-amount-of-generated-electric-energy 
calculator 51 for calculating a requested amount of elec- 30 
trie energy (lfc_CAL) generated by a fuel cell stack 2 
depending on a requested electric energy of an electric 2. 
motor and an electric load other than the electric motor, 
an actual-amount-of-generated-electric-energy calcu- 
lator 52 for calculating an actual amount of electric en- 35 
ergy (lfc_s) generated by the fuel cell stack 2 based on 
a current (Ifc) detected by a fuel cell sensor 30,. and a 
target selector 53 for comparing the requested amount 
of electric energy (lfc_CAL) and the actual amount of 
electric energy (lfc_s) with each other, regarding the re- -*o 
quested amount of electric energy (lfc_CAL) as a target 
amount of generated electric energy (lfc_REQ) for a fuel 
cell control unit 16 if the requested amount of electric 
energy (lfc_CAL) is equal to or greater than the actual 
amount of electric energy (lfc_s), and regarding the ac- «5 
tual amount of electric energy (lfc_s) as target amount 
of generated electric energy (lfc_REQ) for the fuel cell 
control unit 16 if the actual amount of electric energy 
(lfc_s) greaterthan the requested amount of electric en- 
ergy (lfc_CAL). 50 



Claims 

1 . A fuel cell power supply device comprising: 
a fuel cell; 

reactive gas supply means for supplying reac 



tive gases to the fuel cell; 
supplied-amount regulating means for regulat- 
ing an amount of reactive gases supplied from 
said reactive gas supply means to said fuel cell; 
target-amount-of-generated-electric-energy 
determining means for determining a target 
amount of electric energy generated by said fu- 
el cell depending on a requested electric ener- 
gy of a load which is connected to said fuel cell; 
gas supply control means for performing a gas 
supply control process to enable said supplied- 
amount regulating means to regulate the 
amount of reactive gases supplied from said re- 
active gas supply means to said fuel cell in or- 
der to supply an amount of reactive gases 
greater than the amount of reactive gases de- 
pending on said target amount of electric ener- 
gy; and 

actual-amount-of-electric-energy detecting 
means for detecting an actual amount of elec- 
tric energy generated by said fuel cell; 
said gas supply control means comprising 
means for comparing said target amount of 
electric energy and said actual amount of elec- 
tric energy with each other, and performing said 
gas supply control, process using said actual 
amount of electric energy as said target amount 
of electric energy if actual amount of electric en- 
ergy is greater than said target amount of elec- 
tric energy. 

A fuel cell power supply device according to claim 
1, further comprising: 

electric storage means connected parallel to 
said fuel cell, for being charged with an output 
current from said fuel cell and discharged when 
the amount of electric energy generated by said 
fuel cell is smaller than said requested electric 
energy. 
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